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Abstract 
It is necessary to evaluate the piezoelectric properties of PVDF film which can transfer and harvest the energy generated in 
human daily exercise.  A new cantilever structure for evaluating the piezoelectric properties of PVDF film in a low frequency is 
presented in this paper.  There are three aspects of this research have to be addressed.  The first wok involves that we study the 
range of frequency and acceleration of human daily exercise.  Then a new structure of resonating cantilever beam is designed.  In 
addition, we do some simulation study with ANSYS, which optimizes the cantilever beam’s dimension parameters in length, 
width and thickness in order to make its resonant frequency close to the frequency of human daily exercise.  In the third aspect, 
the evaluation experiment is carried out whose result shows that the output voltage of PVDF film reaches 120mV when the 
vibration frequency is 20.4 Hz and the vibration acceleration is 2 m/s2.  The data proves the validity of the cantilever beam and 
PVDF film also has great piezoelectric properties under the condition of low vibration frequency. 
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1. Introduction 
Oil, gas and coal are still the most widely used resources and non-renewable.  With the development of industry 
and the increase of population, the consumption of these non-renewable energy is more and more.  For example, 
both global coal and natural gas consumption grew by 0.4% in 2014 and the oil increased by 0.8% [1].  So energy 
shortage is a severe problem which we have to face in the near future.  
 
For solving the problem, more and more people focus on energy harvesting [2].  In daily life, a large amount of 
energy generated by various actions of human bodies change into heat and subsequently dismiss into surroundings 
without any utilization.  It is thus desirable to make use of these energy for various kinds of applications [3-5].  In 
existing researches, the methods used for harvesting human bodies’ energy include thermoelectric harvesting, 
vibration energy harvesting, piezoelectric vibration energy and frictional electricity harvesting and so on.  Shanghai 
Jiao Tong University studied a multi-frequency sandwich type electromagnetic vibration energy harvester [6].  
Northwestern Polytechnical University proposed coherent resonance of horizontal vibration of beam excited by 
vertical base motion to harvest vibration energy [7].  Taiyuan University of Technology studied low-frequency and 
wideband vibration energy harvester with flexible frame and interdigital structure [8].  However, their system for 
harvesting human bodies exercise energy has a low output and a complicated structure.  And some materials are not 
fit for making clothes because of their non-soft character. 
 
PVDF can not only sense the change of pressure and converts it into electrical energy, but also has a soft 
character that is fit for making clothes [9-12].  Based on these advantages, energy generated in human daily muscle 
movements could be harvested in form of electricity by PVDF material weaved into cloths.  Meanwhile the fabric 
weaved by PVDF material also has several excellent features, such as green, safe and pollution-free.  This 
application will have a great influence on solving the energy problem.  Compared with the other energy harvesters, 
the frequency of human daily muscle movements is much lower.  So a scheme of employing resonant cantilever 
beam to evaluate the piezoelectric properties of PVDF film in a low frequency is proposed in this research. 
2. Experiment 
2.1. Frequency and acceleration of human daily exercise 
It is necessary to know the frequency and acceleration in human daily exercise for harvesting the energy 
generated in human daily muscle movements and evaluating piezoelectric properties of PVDF film.  We test and 
record about ten adults’ steps and time when they are in normal walk condition.  It takes 24.8 s - 28.4s when the 
steps are 50 and the walking frequencies are from 1.818 Hz to 2.016 Hz.  The walking frequency of adults in daily 
life is about 2 Hz.  Compared with the 100 meter dash world record holder’s running frequency, human bodies’ 
frequency is under 4.3 Hz.  So the frequency of human daily exercise is very low.  The same way is employed for 
calculating the acceleration.  The stride of normal adults is about 1.5 m, and the velocity is about 5 km/h.  The 
average acceleration of adults is about 1.29 m/s2.  And the walking race athletes’ acceleration is about 3.6 m/s2.  We 
can see the acceleration of human bodies daily exercise is between 0 m/s2 - 3 m/s2. 
2.2. Design and simulation of the devices 
Traditional structures for evaluation of piezoelectric properties apply well to high frequency conditions.  One 
new resonant cantilever beam is designed for evaluating the PVDF film’s piezoelectric properties in the frequency 
which is close to human daily exercise.  The new structure does not vibrate the piezoelectric material directly.  
PVDF film is fixed on the surface of the cantilever beam to evaluate its piezoelectric properties.  We make its 
resonant frequency close to the frequency of human bodies’ daily exercise by changing its dimension parameters.  It 
improves the accuracy of evaluation and provides a good experiment device for other experiments in low frequency 
conditions. 
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Fig. 1. Cantilever beam model for                             Fig. 2. ANSYS simulation results of V-T characteristics.  (a), (b), (c), and (d) are  
Simulation study                                                        respectively corresponding to the cantilever beam’s length of 35mm, 40mm, 
                                                                                    45mm, 50mm 
 
Fig. 3. Scheme of cantilever beam structure which consists of shims, screw bolt, cantilever beam, vibration table, PVDF film and mass. 
 
We simulate the cantilever beam model as shown in Figure 1 by ANSYS in order to make the cantilever beam’s 
resonant frequency close to the frequency of human daily exercise.  We analyze the relationship between strain and 
cantilever beam’s length, width and thickness respectively.  The example of simulation result of length is shown in 
Figure 2.  If the length is too short, the resonant frequency will be too high.  When the length is too long, the rigidity 
will be too small and difficult to manufacture and process.  So we choose the suitable length as 45 mm.  All 
simulation results are integrated to determine the size of the cantilever beam.  The resonant frequency of the 
cantilever beam is 20.4 Hz and its length is 45 mm, width is 20 mm, and thickness is 0.3 mm.  Figure 3 shows the 
schematic of cantilever beam’s structure. 
2.3. Results and discussion 
Finally we use the cantilever beam to evaluate the piezoelectric properties of PVDF film.  Cantilever beam is 
fixed on the actuation table with shims and screw bolt.  Then the function generator gives a signal whose frequency 
is 20.4 Hz to the actuation table which drives the cantilever beam to vibrate.  We choose acceleration as 0.5 m/s2, 1 
m/s2, 1.5 m/s2, 2 m/s2, 2.5 m/s2, 3 m/s2, 3.5 m/s2, 4 m/s2 to do the experiments.  PVDF film is fixed on the surface of 
cantilever beam.  A PVDF film and the cantilever beam are jointed with the oscilloscope by two wires to record the 
wave form of output voltage at the same vibration frequency but different vibration accelerations.  When the 
cantilever beam vibrates at the resonant frequency, PVDF film’s output voltage is the maximum, but the amplitude 
is the maximum too. There is a problem that the cantilever beam is easily broken when it vibrates at resonant 
frequency.  This makes the structure very unstable.  To solve the problem and find a proper frequency at which the 
amplitude of cantilever beam would be much lower and the change of output voltage is not remarkable.  So we 
change the vibration frequency as 8 Hz, 12 Hz, and 30 Hz and repeat the above experiments.  Then we get the 
relationship between output voltage and acceleration at different frequencies (Figure 4).  The figure shows that at the 
same acceleration when we change the vibration frequency, the output voltage reduces a lot.  So we set the vibration 
frequency as 20.4 Hz.  Because the acceleration of human daily exercise is 1-2 m/s2 in most case, we finally set the 
vibration frequency as 20.4 Hz and the vibration acceleration as 2 m/s2.  The output voltage reaches 120 mV. 
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Fig. 4. Relationship between output voltage and acceleration at different frequencies describing piezoelectric properties of PVDF film evaluated 
by resonant cantilever beam 
3. Conclusions 
A resonant cantilever beam to evaluate the piezoelectric properties of PVDF film is designed and simulated in 
this research.  According to the simulation result, the size of cantilever beam is determined to be 45mm for length, 
20mm for width, 0.3mm for thickness and measure its resonant frequency is 20.4Hz by experiment.  Though the 
evaluation experiments, we get the result that when the vibration frequency is 20.4 Hz and the vibration acceleration 
is 2 m/s2, the output voltage is 120 mV.  It proves that the design of cantilever beam is reasonable and improves the 
accuracy of evaluation.  Also the PVDF can have a high output which is beyond 120mV in a low vibration 
frequency and can harvest energy generated by human muscle movements availably and efficiently. 
Acknowledgements 
This research is partly supported by the Research Fund for Academic Leader Program of Jilin University, as well 
as granted by JSPS through the FIRST Program initiated by CSTP.  Special thanks are also given to Mr. Weidong 
Shen and Mr. Zichao Wu at Micro Engineering and Micro Systems Laboratory for their experimental and editing 
assistances respectively.  
References 
[1] British Petroleum. BP Statistical Review of World Energy June 2015 [DB/OL]. http://www.bp.com, 2015 
[2] M.E. Kiziroglou, C. He and E.M. Yeatman. Flexible substrate electrostatic energy harvester [J]. ELECTRON ICS LETTERS, 2010, 46(2): 
166-193 
[3] Huang, C.T., Shen C.L., Tang C.F., Chang S.H. A wearable yarn-based piezo-resistive sensor [J]. Sensors and Actuators A, 141, (2008):396-
403 
[4] Min-Ho Seo, Dong-Hoon Choi, In-Ho Kim, Hyung-Jo Jung, and Jun-Bo Yoon. Multi-resonant energy harvester exploiting high-mode 
resonances frequency downshifted by a flexible body beam [J]. APPLIED PHYSICS LETTERS, 2012, 101(12) 
[5] Hwang, Geon-Tae, Park, Hyewon, Lee, Jeong-Ho. Self-Powered Cardiac Pacemaker Enabled by Flexible Single Crystalline PMN-PT 
Piezoelectric Energy Harvester [J]. ADVANCED MATERIALS, 2014, 26(28): 4880-4887 
[6] Jingdong Chen, Di Chen, Tao Yuan, and Xiang Chen. A multi-frequency sandwich type electromagnetic vibration energy harvester [J]. 
APPLIED PHYSICS LETTERS, 2012, 100(21) 
[7] C. B. Lan and W. Y. Qin. Energy harvesting from coherent resonance of horizontal vibration of beam excited by vertical base motion [J]. 
APPLIED PHYSICS LETTERS, 2014, 105(11) 
[8] Pengwei Li, Ying Liu, Yanfen Wang, Cuixian Luo, Gang Li, Jie Hu, Wei Liu, and Wendong Zhang. Low-frequency and wideband vibration 
energy harvester with flexible frame and interdigital structure [J]. AIP ADVANCES, 2015, 5(4) 
[9] CHENG He-Ping, CHEN Guang-Hua, QIN Rui, DAN Jia-Kun, HUANG Zhi-Meng, PENG Hui, CHEN Tu-Nan, LEI Jiang-B. Electronic 
Structures and Optical Properties of Poly (vinylidene flouride) Crystals [J]. Acta Physico-Chimica Sinica, 2014, 02:281-288 
[10] Mai Zhonghai, Xu Yuting, Xie Qi, Liang Chenglu, Yang Wei, Xie Banghu, Yang Mingbo. Research Advances in Formation of β Phase of 
PVDF [J]. Engineering Plastics Application, 2014, 04:118-122  
[11] QI Xiao-fang, YU Kun. The Processing of β Polyvinylidene Fluoride Films by Stretching Method [J]. Material for Mechanical Engineering, 
2004, 12:4-6+10  
[12] YU Shangjiang, YANG Jixiang, CHEN Jinyang, CHEN Xian. Measurement of Piezoelectric Coefficient d31 of PVDF Thin Films at 
Different Temperature [J]. Piezoelectrics & Acoustooptics, 2013, 02:255-257 
